We present preliminary measurements of time-dependent CP asymmetries in neutral B meson decays to π + π − and π + π − π 0 final states, where the latter is measured in the region of the Dalitz plane dominated by the ρ resonance. We also present preliminary measurements of the branching fraction for the decay B + → π + π 0 and an improved upper limit for B 0 → π 0 π 0 , both of which are needed to extract the CP parameter α from the timedependent CP asymmetry in the π + π − channel. These results are obtained from a data sample of approximately 88 million Υ (4S) → BB decays collected with the BABAR detector at the PEP-II asymmetric-energy B Factory at SLAC.
Introduction
The Standard Model of electroweak interactions describes CP violation as a consequence of a single complex phase in the threegeneration Cabibbo-Kobayashi-Maskawa (CKM) quark-mixing matrix [1] . The agreement between the direct measurements of the CP parameter sin2β reported at this conference [2, 3] , and the Standard Model prediction based on indirect constraints on the magnitudes of the elements of the CKM matrix, is strong evidence that the Kobayashi-Maskawa mechanism is the dominant source of CP violation in flavor-changing processes. One of the primary goals of the B-Factory experiments in the future will be to measure the remaining angles (α and γ) of the Unitarity Triangle in order to further test whether the Standard Model description of CP violation is correct.
In B decays to π + π − and π + π − π 0 final states, the time-dependent CP asymmetry is related to the angle α ≡ arg [−V td V * tb /V ud V * ub ]. The final state π + π − is a CP eigenstate and the decay rate distribution f + (f − ) when the second B meson (B tag ) is identified as a B 0 (B 0 ) is given by [4] f ± (∆t) = e
where τ is the mean B 0 lifetime, ∆m d is the mixing frequency due to the eigenstate mass difference, and ∆t is the difference in proper decay times between the reconstructed meson and the tagging meson B tag . The parameters S ππ and C ππ are defined as
and vanish in the absence of CP violation. If the decay proceeds purely through the b → u tree amplitude, the complex parameter λ is given by
In this case C ππ = 0 and S ππ = sin2α. In general, the b → d gluonic penguin amplitude modifies both the magnitude and phase of λ, so that C ππ = 0 and S ππ = 1 − C 2 ππ sin 2α eff , where α eff depends on the magnitudes and relative strong and weak phases of the tree and penguin amplitudes. In this case, measurements of the branching fractions for the decays B + → π + π 0 and B 0 → π 0 π 0 can be used to extract α from a measurement of α eff [5, 6] . 
where T indicates the flavor of B tag (B 0 = +1, B 0 = −1). The parameters S ρπ and C ρπ are analogous to S ππ and C ππ and are sensitive to α and direct CP violation, respectively. The time-integrated asymmetry A 
and
is described by ∆C ρπ , while ∆S ρπ is sensitive to the strong phase difference between the amplitudes contributing to B 0 → ρπ decays. The results reported here are described in more detail in separate papers [8] submitted to this conference.
Common Analysis Issues
At the Υ (4S), BB events can be distinguished from continuumproduction using two kinematic variables, the difference ∆E between the center-of-mass (CM) energy of the B meson candidate and √ s/2, and the beam-energy substituted mass
where √ s is the total CM energy, and the B momentum p B and the four-momentum of the initial state (E i , p i ) are defined in the laboratory frame. For signal decays m ES peaks near the B mass and ∆E peaks near zero when the correct mass hypothesis is assigned to all daughter particles. When there is ambiguity, as in the decay B 0 → h + h − with h = π or K, we use the pion mass when calculating four-momenta, which results in a shift of −45 MeV in ∆E for each kaon in the decay.
Identification of charged tracks as pions or kaons is accomplished with the Cherenkov angle measurement θ c from a detector of internally reflected Cherenkov light [9] . We use the information on θ c directly in our maximum likelihood fits, which allows simultaneous measurement of
The typical separation between pions and kaons varies from 8σ θc at 2 GeV/c to 2.5σ θc at 4 GeV/c.
The dominant background to charmless B decays is from the process e + e − →(q = u, d, s, c).
To suppress this background, we use multivariate techniques that discriminate between the jet-like topology ofevents and the more spherical topology of BB events. For the analysis of π + π − π 0 decays we use a neural network, while the remaining analyses use a Fisher discriminant.
We use a multivariate technique [2] to determine the flavor of the B tag meson. Separate neural networks are trained to identify primary leptons, kaons, soft pions from D * decays, and high-momentum charged particles from B decays. Events are assigned to one of five mutually exclusive tagging categories based on the estimated mistag probability and the source of the tagging information. Table 1 summarizes the tagging performance measured in a data sample B flav of fully reconstructed neutral B decays to
). The time difference ∆t is obtained from the known boost of the e + e − system and the measured distance between the z positions of the B candidate and the B tag decay vertices. A detailed description of the algorithm is given in Ref. [10] . We determine the parameters of the signal resolution function from a fit to the B flav sample (including events in all five tagging categories), while the form of the background ∆t distribution is obtained from a signal-free region in data.
Analysis of
Event yields are obtained from an unbinned extended maximum likelihood fit using m ES , ∆E, the Fisher discriminant, and θ c measurements for each track. We include separate components for K + π − and K − π + in order to measure the direct CP asymmetry A Kπ CP . The parameters of the background PDFs are obtained directly from the data, while signal parameters are determined from a mix of GEANT4 Monte Carlo simulation and control samples in data. Figure 1 shows distributions of m ES and ∆E for subsamples of events enriched in ππ and Kπ decays using probability ratios. The results are summarized in Table 2 . The dominant sources of systematic error on the branching fraction measurements are from uncertainty in track and θ c reconstruction efficiencies and imperfect knowledge of the PDF shapes. For A Kπ CP the systematic error is dominated by the θ c PDF shape and possible charge bias in track reconstruction.
The parameters S ππ and C ππ are obtained from a second fit including tagging and ∆t information. The ∆t PDF for signal π + π − decays is given by Eq. 1, modified to include w k and ∆w k for each tagging category and convolved with the where the correlation between S ππ and C ππ is −10%. Systematic uncertainties on S ππ and C ππ are dominated by imperfect knowledge of the PDF shapes and possible fit bias. Figure 2 shows distributions of ∆t for events with B tag tagged as B 0 or B 0 , and the asymmetry as a function of ∆t for tagged events enhanced in signal ππ decays. We find no evidence for large mixing-induced, or direct CP violation, as reported in [13] . 
Constraining |α eff − α|
The isospin relationship between the final states π + π − , π + π 0 , and π 0 π 0 allows the determination of α given a measurement of α eff . Assuming isospin invariance, the shift in α is bounded by the relation sin
, where the branching fractions are averaged over B 0 /B 0 and B + /B − . Details of the branching fraction measurements are reported elsewhere [8] , and summarized in Table 2 . Including correlations and systematic errors, we find
, which corresponds to |α eff − α| < 51
• .
Analysis of
can only be accomplished with a full Dalitz analysis, including resonant and nonresonant contributions. However, a full analysis requires significantly more data than is currently available. We therefore restrict ourselves in this analysis to the regions of the Dalitz plane dominated by the ρ resonance, and we analyze ρπ and ρK decays simultaneously.
Due to the presence of a neutral pion, there is a significant background from other B decay modes which can fake the ρπ final state. We have investigated more than 80 decay modes and identified 20 charmless decays which have more than one event entering the final sample. These decays are parameterized and included in the maximum likelihood fit. We also include contributions from misreconstructed signal events and continuumbackground.
The fit technique is similar to the one used in the π + π − analysis. We find 413 Solid curves represent projections of the maximum likelihood fit, dotted curves represent backgrounds from BB events, and dashed curves represent the sum ofand BB background events.
